During routine addition of penicillinase (beta-lactamase) to patients sera, we found that the capacity of some of these sera to kill serum-sensitive gram-negative organisms was significantly decreased. Further controlled studies showed that penicillinase decreased both the bactericidal activity of normal human sera and the total hemolytic activity (CH50) of complement in these sera. The decreased bactericidal activity correlated significantly (r = 0.57, P < 0.05) with the reduction of CH50 in eight normal sera. These effects of penicillinase were time and temperature dependent. Measurement of individual complement component activities showed that penicillinase decreased the activity of C2, C4, and C3-C9, suggesting that the penicillinase preparation activated the classical pathway. These results cast doubts on the validity of bactericidal determinations when sera are pretreated with penicillinase.
Investigators interested in the bactericidal activity of sera from patients who have been treated with penicillin often add penicillinase to the serum. To our knowledge, undesirable effects of penicillinase on the bactericidal activity of human serum have not been considered or described. During a series of bactericidal assays on the sera of patients who may have been treated with penicillin for neisserial infections, we observed that the control normal human serum (NHS) killed significantly fewer logs of a serum-sensitive strain of Neisseria gonorrhoeae after treatment with penicillinase. Accordingly, we conducted a systematic investigation of this phenomenon and found it to be a uniform effect associated with the consumption of complement components by the penicillinase preparations.
MATERIALS AND METHODS Blod spcmens. Blood was collected from 11 individuals with no history of neisserial infections, allowed to clot at room temperature for 30 to 60 min, and centrifuged at 2,000 rpm for 10 min. Sera were removed, three individual sera were pooled (pooled NHS) and divided into fractional samples; these samples were stored at -70°C until use.
Bteial and bacteic amys. Two serum-sensitive strains of N. gonorrhoeae, N24 (2). The gonorrhoeae were grown on agar plates supplemented with 1% IsoVitaleX (BBL Microbiology Systems, Cockeysville, Md.) at 37°C in 5% CO2 as previously described (1, 3) . E. coli were grown on the same medium at 37°C in ambient air. The colonies of N. gonorrhoeae were examined before use to assure that greater than 99%o of the colonies exhibited T2 morphology.
For bactericidal assays, fresh cultures of N. gonorrhoeae or E. coli were collected from agar plates, suspended in Dulbecco minimal medium by vigorous pipetting, and centrifuged at 500 x g to remove clumps of agar or bacteria. The supernatants were removed and adjusted to a final concentration of 108 organisms per ml by absorbance at 610 nm.
To determine bactericidal activity, equal volumes of each serum (usually 0.5 ml) and the final bacterial suspension were mixed and incubated at 37°C for 60 min in 5% CO2. After cillinase were at least as anticomplementary as the two first lots. Dulbecco medium and penicillinase were always cultured on the surface of blood agar plates and incubated at 37°C for 48 to 72 h to assure sterility. All NHS and heat-inactivated NHS containing Dulbecco medium or penicillinase were preincubated at 37°C for 30 min immediately before the bactericidal assay. The logl0 of the difference between the number of bacteria surviving in the 56°C-heated sample and the number in the unheated sample was defined as the bactericidal activity of the serum in the absence or presence of penicillinase. For some experiments, portions of the incubated mixtures of treated sera and bacteria were penicillinase were determined as previously described (4). The C4 hemolytic activity was assayed with sheep erythrocytes bearing rabbit hemolysin and human Cl (4). The C2 hemolytic activity was assayed with sheep erythrocytes bearing rabbit hemolysin, human C1, and human C4. The C3-C9 activity was determined from the lysis of sheep erythrocytes bearing rabbit hemolysin, human Cl, human C4, and human C2 in 0.01 M EDTA. The activities of C4, C2, and C3-C9 are expressed as the dilution of the serum that produced 50%o lysis of the erythrocytes. The significance of the differences was determined by Student's t test.
RESULTS
Effects of peniciHinase on pooled NHS. Pooled NHS was incubated with penicillinase or Dulbecco medium during 11 separate experiments performed during a 1-month period. The bactericidal capacity for N. gonorrhoeae N24 of the pooled NHS incubated with penicillinase appeared to decrease significantly from 6.62 ± 0.76 to 4.71 ± 2.07. Penicillinase treatment also reduced the bactericidal activity of NHS for N. (Fig. 1) . The mean reduction of CH50 was 50.7 U or 52% (P < 0.001). The bactericidal capacity of the eight sera incubated in the presence or absence of penii correlated (r = 0.57) significantly (P < 0.05) withthe C14s of the incubated sera (Fig. 2) .
As observed in bactericidal assays, the reductions of the: CH.% of pooled sera containing peniciimase progressed during incubation at 370C (Table 2) . No 46.9 ± 9.4 a GVB, Veronal-buffered saline containing gelatin (4) .
penicillinase. The classical pathway may have been activated by these contaminating bacterial components or, less likely, by penicillinase itself. In any case, the decreases in bactericidal activities of penicillinase-treated human sera can be accounted for by the consumption of complement and are in agreement with previous studies demonstrating the necessity of complement for the killing of serum-sensitive Neisseria.
As a result of this study, the validity of determinations of the bactericidal activities of human sera treated with penicillinase must be questioned. The addition of penicillinase prepared by conventional methods will cause investigators to underestimate the bactericidal capacity of human sera.
